The boron trioxide sample, contained in a platinum dish, was held in an isotope exchange vessel made of fused quartz. The isotope exchange vessel was evacuated, and carbon dioxide gas labelled with heavy oxygen (C0 18 0 16 ) was introduced at about 90 -110 Torr, and maintained for several hours at experimental temperatures of 351° -650 °C. A small quantity of gas was taken out periodically and analysed mass spectrometrically for the oxygen isotope abundance ratio. If some oxygen was exchanged between the carbon dioxide gas and the boron trioxide melt and self diffusion occurred in the melt, the abundance ratio of O 18 to O 16 in the carbon dioxide gas should decrease according to the diffusion law. The exchange reaction of oxygen between the fused quartz vessel and carbon dioxide gas is, as is shown in Fig. 1 , negligibly small compared to that between boron trioxide and carbon dioxide gas.
If the rate-determining step is not the exchange reaction, but the diffusion process in the boron tri-1 T. TOKUDA and W. D. KINGERY, J. Appl. Phys. 34, 2104 Phys. 34, [1963 . 2 Unpublished. oxide melt, the decrease of the O 18 content in carbon dioxide gas should obey the law 3 ,
C0-Ct
If D t/l 2 is small enough, the following approximate equation can be employed,
where C0, Ct, C^ = concentrations of O 18 in gas, £ = time for diffusion, Mt = amount of O 18 diffused into boron trioxide melt by the time t, Mx = the corresponding quantity after infinite time, ^rre = the non zero positive roots of tan qn= -a qn , a = mol rato of total oxygen atoms (0 18 + 0 16 ) in the molten boron trioxide sample to that in the carbon dioxide gas, / = thickness of the molten boron trioxide sample in the platinum dish, erfc = erfc Z = 1 -erf Z.
Results
As is shown in Fig. 2 , the plot D t/l vs. ^ is a straight line passing through the origin. Therefore, the rate-determining step is considered not to be the exchange reaction, but diffusion in the melt. Moreover, if the exchange reaction on the surface of the boron trioxide melt was the rate-determining step, the dependence of -log{(C<-C3C)/(C0-Coo)} on t should be linear, and if the diffusion process was the rate-determining step, it should be curvilinear. As shown in Fig. 3 , the relation was curvilinear at every temperature. Therefore, it has been reconfirmed that the rate-determining step was not the exchange reaction, but the diffusion process.
The experimental results are shown in Fig. 4 and Equation (3). The Arrhenius equation was applicable to this diffusion process. D = 2.49 x 10~2 exp{ -(32800 ± 8000) /R T} (3) with D in cm 2 /sec and R T in cal/mol. When the diffusion rate is measured with the gasliquid isotope exchange method, displacement of the exchange surface due to vaporization of boron trioxide during the experiment must be considered. But in this study, the experiment was carried out at temperatures between 351 °C and 650 °C. At these temperatures, the vapor pressure of boron trioxide is about 10~9-10 -10 Torr 4 , and the vaporization rate will be so slow that displacement of the gasliquid isotope exchange surface is expected to be negligible. Experimentally, the weight loss during the experiment was not detected with a chemical balance. Therefore, the effect of boundary surface displacement on the calculation of diffusion coefficients was neglected.
It is a well known fact that boron trioxide contains a small amount of water even when dried at several hundred degrees centigrade. According to viscosity measurements 5 11 , the water content decreases to 0.1 -0.2 mol-% at 1100° -1200 °C, and the equilibrium is reached. The time to attain equilibrium is considerably decreased by inert gas bubbling. Bubbling for 15-20 hr at 1200 °C is enough to get a constant viscosity.
We found that D cm 2 /sec decreased from 1.23 X 10" 10 to 5.27 x 10 -11 when dehydration at 800 °C was prolonged from 2.0 to 11.6 hr, and that it decreased from 2.16 xlO -11 to 1.67 X 10 -11 when dehydration at 1200 °C was prolonged from 10.4 to 22.5 hours. It was concluded that 10 hr bubbling at 1200 °C was enough to get constant diffusion coefficients. Ceram. Soc. 45, 89 [1962] .
Discussion
Crystalline boron trioxide has a layer structure 12 . Molten boron trioxide is supposed to be an assembly of irregular curvilinear atomic planes which have many broken bonds. Transfer of an atomic chain from one atomic plane which it breaks away from, to another where new bonds are made, will be the elementary process of the self diffusion in a glassformer melt such as molten boron trioxide.
The energy of activation for self diffusion was found to be about 1/3 of the bond energy between the boron atom and the oxygen atom, and about 2/5 of the heat of vaporization.
